This paper deliberates the extraction, characterization and examination of potential application of soluble polysaccharides of palm kernel cake (PKC) as a prebiotic. The PKC was defatted and crude polysaccharide was obtained through water, citric acid or NaOH extraction. The physiochemical properties of the extracted polysaccharides viz. total carbohydrates, protein content, solubility rate, monosaccharides composition, structural information and thermal properties were also determined. The extracted soluble polysaccharides were further subjected to a digestibility test using artificial human gastric juice. Finally, their prebiotic potential on two probiotics, namely Lactobacillus plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 were evaluated in vitro. It was observed that PKC contained ash (5.2%), moisture (7.4%), carbohydrates (65.8%), protein (16.5%) and fat (5.1%). There were significant differences (P < 0.05) between the values of NaOH-extracted crude polysaccharides (8.73%) and that of water (3.03%) and citric acid (3.07%)-extracted polysaccharides. The extracted polysaccharides composed of mannose, galactose, glucose, arabinose, xylose and rhamanose, with highest percentage of mannose (62.49%) and galactose (25.42%) in SP CA . Total carbohydrate content in SCP W , SCP CA and SCP N are 57.11%, 56.94% and 50.95%, respectively. The polysaccharides from PKC in this study were found to be highly soluble (> 95%). Protein content in SCP W , SCP CA and SCP N are 0.72, 0.40 and 0.58, respectively, and the peaks which indicated the presence of protein were observed at approximately 1640 cm −1 (amide I). FTIR spectroscopy revealed that the polysaccharides extracts were linked to β and α-glycosidic bonds and thermal analysis using differential scanning calorimeter (DSC) showed the main degradation temperature of SP is about 121 to 125 °C. The SP were found to be highly resistance (> 96%) to hydrolysis when subjected to artificial human gastric juice. The prebiotics potentials of the polysaccharides on probiotics in vitro demonstrated an increase in proliferation of Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 with decrease in the pH of the medium and producing organic acids.All the above findings strongly indicated that polysaccharides extracted from PKC, an industrial waste, have a potential to be exploited as novel prebiotics.
Introduction
Consumers demand for food products which promote health and wellbeing is on the increase. Advances in nutritional research and developments in food technologies led to the formulation of novel food ingredients which in many ways reduced the risk towards chronic diseases. In the same context, health benefits derived from the consumption of prebiotics and probiotics have made these products in greater demand compared to that of conventional foods (Ares et al. 2009 ).
Prebiotics are selective non-digestible food substances which remain unchanged as they pass through the upper part of the gastrointestinal tract. They stimulate the growth and concurrently promote the activities of probiotics colonizing the colon (Wang 2009; Al-Sheraji et al. 2013 ). Prebiotics which have been used in the human diet are lactose, galacto-oligosaccharides, fructooligosaccharides, inulin and its hydrolysates, malto-oligosaccharides and resistant starch polysaccharides of plant origin such as cereals, sweet potatoes, chicory roots and soybean have gained attention as novel source of prebiotics (Al-Sheraji 1 3 346 Page 2 of 14 et al. 2013). Highly soluble non-digestible polysaccharides have been reported to confer a number of beneficial properties by increasing the population of probiotics as compared to commercial prebiotics (Al-Sheraji et al. 2012; Wang et al. 2015) .
PKC is an agriculture by-product produced following the extraction of oil from the fruits of palm oil (Fig. 1) . Being nutritionally rich, cultivation of probiotics on these by-products could be a solution to transform the inedible wastes into a commodity of high-economic potential. Disposal of PKC is a major problem in the palm oil industry and their economic utilization will be a positive step towards solving environmental pollution (Najwa et al. 2016) . Malaysia, as a major palm oil-producing country, produces to the tune of 2.40 million metric tons of PKC in 2012 (Nuzul Amri 2013) . Although an economic use of PKC has found its way into the production of animal feeds, particularly for large ruminants, a major portion of the by-product is still left unutilized.
High consumers' preference for natural products or ingredients had prompted the search for prebiotics from other natural sources which are economically viable and more importantly affordable from the consumers' perspective. Therefore, this research focuses on (1) extraction of PKC's non-digestible soluble polysaccharides using different extractant (water, citric acid and NaOH) (2) analysis of chemical compositions and functional properties of the polysaccharides (3) evaluation of PKC's polysaccharide digestibility using artificial human gastric juice and (4) proliferation rate and acid production by two probiotic strains, Lactobacillus plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 when cultured on to these polysaccharides.
Materials and methods

Samples and supplies
PKC powder was obtained from a local palm oil-processing plant in Serdang, Selangor, Malaysia. Fructooligosaccharides (FOS, purity ≥ 90%, polymerization degree < 10), trifluoroacetic acid, bradford reagent, phenol, peptone water and α-amylase from human salivary (Type IX-A) were purchased from Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA). de Man, Rogosa and Sharpe (MRS), Luria-Bertani (LB) and anaerobic gas pack, glucose, galactose, mannose, arabinose, rhamnose and xylose were sourced from Merck (Darmstadt, Germany). Ethanol, petroleum ether, sulfuric acid, citric acid, sodium hydroxide, 3,5-dinitrosalicylic acid (DNS) and all other chemicals used in this study were of analytical grade.
Bacterial strains
Two lactic acid bacteria (LAB) strains, Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 were used in this study. The two LAB strains in MRS broth containing 10% glycerol were stored at − 80 °C until use. Prior to assays the bacteria were activated according to the procedures described by Abbasiliasi et al. (2012) .
Chemical compositions of PKC
Chemical compositions of the PKC was analyzed according to the method of the Association of Official Analytical Chemists (AOAC 2005) . Protein content was estimated using the Kjeldahl method (Havilah et al. 1977 ) with a conversion factor of 6.25. Crude fat content was determined using AOAC (2003) on an automated fat determination (AFD) system (FOSS Soxtec™ 2050, Hilleroed, Denmark) and calculated using Eq. (1): Extraction of soluble polysaccharides from PKC using three different solvents
To extract the crude polysaccharides from the PKC, three different solvents/extractant, namely water, citric acid and NaOH-were used. Before extraction, sample were first defatted with 90% (v/v) petroleum ether (C 6 H 14 ) at the ratio of 1:5 (sample: solvent) at 60 °C for 5 h and dried at room temperature followed by treatment with 80% (v/v) ethanol (C 2 H 6 O) and re-dried. Sample was kept in room temperature till used.
Extraction of defatted PKC polysaccharides using hot water
Extraction was carried out according to method of Chen et al. (2008) and Azmi et al. (2012) with some modifications. Briefly, 10 g of the defatted sample was extracted using 200 mL of hot distilled water (1:20w/v) at 80 °C for 1 h and the supernatant filtered through a four-layer cheese cloth. This procedure was repeated twice to remove any remaining polysaccharides. All extracts were mixed and the mixture was then concentrated in a rotary evaporator (at 175 MPa and 60 °C) to 1/5 of its original volume. The mixture was centrifuged at 12,857 g for 15 min at 4 °C, filtered using Whatmann No.1 filter paper and dialyzed against distilled water using dialysis tube (Cut off MWCO-12-14000 Daltons) for 48 h. This is followed by adding four times the original volume of 95% (v/v) ethanol to precipitate the polysaccharides. The mixtures were stirred for 15 min and stored at 4 °C for 4 h. The water-soluble polysaccharides was then centrifuged at 12,857 g for 10 min at 4 °C and the pellet washed twice with distilled water and oven-dried at 50 °C overnight. The water-soluble polysaccharides obtained were stored at room temperature for further analysis.
Extraction of defatted PKC polysaccharides using citric acid
Extraction was carried out as described by Gannasin et al. (2015) with some modifications. 10 g of defatted samples was extracted with 200 mL of 1% of citric acid (C 6 H 8 O 7 ) at (2) Total carbohydrates (%) = 100 − protein content (% ) + crude fat (% ) + moisture (% ) + ash (% ) pH 2.3 at 60 °C for 1 h (the ratio of sample to citric acid was 1:20 (w/v). The mixture was then centrifuged at 12,857 g for 10 min at 4 °C and filtered through a four-layer cheese cloth. The procedure was repeated twice. The mixed extracts were concentrated using a rotary evaporator (at 175 MPa and 60 °C), filtered and dialyzed using a dialysis tube (Cut off MWCO-12-14000 Daltons) against distilled water at 4 °C for 48 h. The samples were precipitated with 95% ethanol (ratio of sample to ethanol: 1:4) and allowed to stand for 4 h at 4 °C. The water soluble polysaccharides were then centrifuged at 12,857 g for 10 min at 4 °C and the pellet washed twice with distilled water and oven-dried at 50 °C overnight. The water-soluble polysaccharides obtained were stored at room temperature until analysed.
Extraction of defatted PKC polysaccharides using NaOH
Extraction was carried out using the same protocol as that of water extraction. 2% NaOH was used as the extracting solvent and the mixtures were concentrated at low temperature of 40 °C.
Percentage yield of soluble polysaccharides were calculated using Eq. (3): where W 1 is the weight of raw sample and W 2 is the weight of polysaccharide after extraction.
Determination of total carbohydrate and protein contents and solubility rate of PKC crude polysaccharides
Determination of total carbohydrate content of PKC crude soluble polysaccharides
Total carbohydrate content of PKC crude polysaccharides, an indication of raw polysaccharides was determined using phenol sulfuric acid method as described by Dubois et al. (1956) . Two millilitres of the sample solution (0.25 mg of sample/mL of water) was mixed with 1 mL of 5% (v/v) phenol and topped up with 5 mL of concentrated sulfuric acid (98%). The mixture was vortexed and incubated for 30 min at 25 °C and absorbance was read at 490 nm using UV-VIS spectrophotometer (Hitachi U 2810, Tokyo, Japan). Total carbohydrate of polysaccharides was calculated by referring to a glucose standard curve in mg/mL.
Determination of protein content of PKC crude soluble polysaccharides
Bradford reagent (Sigma-Aldrich, St. Louis, MO, USA) with Bovine serum albumin (Sigma-Aldrich, St. Louis, MO, USA) as a standard protein was used to determine total protein concentration (Bradford 1976) . A total of 20 µL of the sample was added to 200 µL of Bradford reagent in a microtiter plate and incubated at 37 °C for 10 min. Absorbance was measured at 590 nm.
Determination of solubility rate of PKC crude polysaccharides
The solubility rate of PKC crude polysaccharides was determined as described by Azmi et al. (2012) . 5% (w/v) crude polysaccharide solution was dissolved in distilled water and incubated at 100 °C for 5 min. The mixture was then cooled and filtered through a pre-weighed ashless filter paper (Wathman No. 1). The latter was then transferred into a previously weighed crucible and dried in an oven overnight at 105 °C. The rate of solubility of polysaccharides was calculated based on the difference in the weight of the ashless filter paper before and after drying. Solubility rate percentage was computed using Eq. (4): where W 1 is the weight of filter paper before drying and W 2 is the weight of filter paper after drying.
Monosaccharide composition of PKC crude soluble polysaccharides
Monosaccharide composition of crude polysaccharides was determined according to the method described by Qiao et al. (2010) with minor modifications. Briefly, 5 mg of crude polysaccharides was dissolved in 4 mL of 2M trifluoroacetic acid (TFA); the mixture was hydrolyzed at 120 °C for 2 h followed by concentrating it to about 1/5 of its original volume by a rotary evaporator (at 175 MPa and 60 °C). The hydrolyzed products were then derivatized by adding 10 mg of hydroxyl ammonium chloride (HONH 2 ·HCl), 5 mg of inositol (C 6 H 12 O 6 ) (Sigma-Aldrich, St. Louis, MO, USA) as internal reference and 0.6 mL of pyridine (C 5 H 5 N) (SigmaAldrich, St. Louis, MO, USA). The mixture was incubated in a water bath at 90 °C for 30 min. Following cooling to room temperature, 1 mL of acetic anhydride (C 4 H 6 O 3 ) (SigmaAldrich, St. Louis, MO, USA) was added, and re-incubated at 90 °C for 30 min. The mixture was analyzed in GC (GC-6890N, Agilent, California, US) with a flame ionization detector and a HP-5
capillary column (30m × 0.32mm × 0.25 m) (Agilent, California, US). The operational conditions of the GC were as follows: flow rate of N 2 , H 2 and air was 25 (mL/min), 30 (mL/min) and 400 (mL/min), respectively. The temperatures of detector and inlet were set at 270 °C and 240 °C, respectively and the oven temperature program was set from 120 °C (standing for 3 min) up to 200 °C (standing for 4 min) at a rate of 3 °C/min. per change. Standard monosaccharides such as mannose, glucose, galactose, rhamnose, arabinose and xylose were also derivatized and analyzed as references.
Determination of functional groups and glycosidic linkages of PKC crude soluble polysaccharide
Fourier transform infrared (FTIR) spectrophotometer (Nicolet, USA) was used to determine the structural characteristic of PKC crude soluble polysaccharides of different solvent extracts. Analysis was carried out in the spectral region of 4000-280 cm −1 . β-glucan from Berley (Sigma-Aldrich, St. Louis, MO, USA) was used as the standard reference.
Determination of the thermal properties of PKC crude soluble polysaccharides
Thermal properties of soluble PKC crude polysaccharide of each solvent extract was determined using differential scanning calorimeter (DSC) (Mettler Toledo Star System, Columbus, USA) based on the method described by Jia et al. (2015) . Briefly, 5 to 6 mg of samples was placed into an aluminum pans and hermetically sealed and allowed to stand for 1 h at room temperature. This was followed by heating the sample at a temperature range of 0-350 °C under nitrogen atmosphere at a heating rate of 10 °C per min. The parameters of onset (T o ), peak (T p ), end set (T e ) and enthalpy change (ΔH) were recorded.
Determination of prebiotic potential of PKC crude soluble polysaccharides
Effect of artificial human gastric juice on hydrolysis of PKC crude soluble polysaccharides
The effect of artificial human gastric juice on hydrolysis of PKC crude soluble polysaccharides were determined by calculating the degree of hydrolysis of the samples when subjected to artificial human gastric juice according to Wichienchot et al. (2010) . Artificial human gastric juice was prepared as follows: 8.25 g of Na 2 HPO 4 ·H 2 O, 14.35 g of Na 2 HPO 4 , 8 g of NaCl, 0.2 g of KCl, 0.1 g of CaCl 2 ·2 H 2 O and 0.18 g of MgCl 2 ·6 H 2 O were dissolved in distilled water to make a 1,000 mL solution. The solution was graded/ adjusted to five different pH (1, 2, 3, 4 and 5) using 5M hydrochloric acid (HCl). Fructooligosaccharides (FOS) was used as positive control. 0.05 gm of FOS and soluble crude polysaccharides of water extract (SCP W ) and citric acid extract (SCP CA ) were dissolved with 5 mL solution of pH 1, 2, 3, 4 and 5 to make their final concentration to 1.0% (w/v). This was followed by incubation of the samples at 37(± 1 °C) for 6 h. The reducing sugar and total sugar of the mixtures were measured at 0, 1, 2, 4 and 6 h of incubation. Hydrolysis percentage of samples were calculated based on the Eq. (5): where reducing sugar released is the difference between its final and initial content.
Effect of α-amylase on hydrolysis of PKC crude soluble polysaccharides
The effect of α-amylase on hydrolysis of PKC crude soluble polysaccharides was determined by using 20 mM of sodium phosphate buffer (NaPO 4 ) which was adjusted to four different pH of 5, 6, 7 and 8. Control prebiotic (FOS), SCP W and SCP CA were dissolved in 20 mM of sodium phosphate buffer to make a concentration of 1% (w/v). Non-digestibility activities of the samples were determined by α-amylase according to the method of Al-Sheraji et al. (2012) . Briefly, 2 unit/mL of the 5 mL enzyme solution was prepared in 6.7 mM NaCl solution and topped up with 5 mL of the each dissolved samples. The mixture was incubated at 37 ± 1 °C for 6 h. 2 mL of sample from each pH was tested at 0, 1, 2, 4 and 6 h to determine the reducing and total sugar content of the mixtures. Percentage hydrolysis of the samples was calculated using Eq. (5) above.
Proliferation and acidifying activity of probiotics on PKC crude soluble polysaccharides in vitro
Two LAB strains, Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 were used as probiotics to investigate the proliferative effect of the polysaccharides. Carbohydratefree MRS supplemented with 0.05% (m/v) L-cysteine was used as basal culture medium . FOS was used as positive control while the basal medium devoid of any carbon source was used as blank. 0.1, 0.07, and 0.05 g of FOS and the crude soluble extracted polysaccharides were Reducing suger released Total sugar content − initial reducing sugar content × 100%, each dissolved in 10 mL of the basal medium to give a final concentration of 0.5, 0.7 and 1.0% (w/v) and sterilized by autoclaving at 121 °C for 15 min. Each tube was then inoculated with 1 × 10 6 CFU/mL of LAB strains and incubated at 37 °C for 48 h anaerobically. Bacterial count and pH of the medium were determined after 48 h using plate counting method and pH meter (Mettler Toledo, USA), respectively.
Enumeration process was performed by serial dilution of 1 mL of the culture to 9 mL of buffered Andrade peptone water (Bio-Chemika, India). 100 µL of the diluted sample was spread on the plate of MRS agar followed by incubation at 37 °C for 24 h under anaerobic conditions. Bacteria counts were expressed in colony-forming units per milliliter (CFU/ mL). The increase of bacterial numbers between 0, 24 and 48 h was calculated according to the Eq. (6).
where A is the bacterial number at 0 h (CFU/mL) and B is the bacterial number after incubation for 48 h (CFU/mL).
Statistical analysis
Each experiment was repeated thrice and the results were reported as ± standard deviation (SD) of triplicate independent extractions. Data obtained were analyzed using Minitab software (version 16.0, Minitab Inc., State Collage, Pennsylvania, USA). Results were analyzed by analysis of variance (ANOVA) and Tukey's HSD significant test. All statistics were based on a confidence level of 95% and P < 0.05 were considered statistically significant.
Results and discussion
Chemical compositions of PKC
The chemical compositions of PKC are as shown in Table 1 . The percentage of ash in PKC (5.2%) which is an indication of mineral content was within the range of the fruits and vegetables as reported by Hussain et al. (2013) . However, the ash content in PKC reported by Nuzul Amri (2013) and Alimon et al. (2004) was less than 3.5% (< 3.5%) while that reported by Dairo and Fasuyi (2007) was higher (8.6%). The moisture content of PKC in this study was 7.4% which is higher compared to a previous study by Nuzul Amri (2013) . The percentage of moisture depends on the water-holding capacity, water retention and swelling capacity (Najwa et al. 2016 ). The protein content was 16.5% which was within the range of that of fruits and vegetables (2.70-24.9%). Although the major component of PKC is carbohydrate (65.8%), the amount of carbohydrate in PKC in this study was found to be lower compared to that of fruits and vegetables. Most fruits showed higher carbohydrate content (> 72.3%) compared to vegetables with the exception of apples which contained only 25.8% carbohydrate (Najwa et al. 2016) . The crude fat of PKC is 5.1% which was within the range of fruits and vegetables (0.5-10.9%) (Grigelmo-Miguel and Martin-Belloso 1998). Overall these observed variations in composition values might have resulted from geographic, climatic and seasonal variations.
Effect of solvents on the yield of PKC soluble crude polysaccharides
Defatting of samples prior to polysaccharides extraction with a polar and non-polar solvents could help the release of polysaccharides from the plants cell wall (Azmi et al. 2012; Ballesteros et al. 2015) . Effect of solvents on the yield of PKC crude soluble polysaccharides are as shown in Table 2 . Highest PKC crude soluble polysaccharides was obtained by NaOH extraction (8.73%), followed by citric acid (3.07%) and hot water (3.0%) extraction.
The pH of the extractant could significantly influence the extraction yield and activity of polysaccharides as reported by Gan and Latiff, (2010) . The extraction yield of crude polysaccharides in this study increased with increased pH (from acidic to alkaline). This is relevant to the structure of polysaccharide and the isoelectric point of protein (Tan et al. 2011 ). Due to the solubility of sugar in water or other organic solvents, solvent plays an important role in the extraction process and should be chosen in view of the organic compound of interest. Furthermore, the efficiency of extraction is dependent on many factors which include solid/ liquid ratio, solvent, temperature, extraction time and variety of palms used (Ballesteros et al. 2015) . Such parameters could be optimized which, however, is not the objective of the present study.
Determination of total carbohydrate and protein contents and solubility rate of PKC crude polysaccharides
Total carbohydrate and protein contents and solubility rate of PKC crude polysaccharides are as shown in Table 3 . Highest percentage of total carbohydrate content of PKC soluble polysaccharides were 57.11% for SP W followed by 56.94% for SP CA and 50.95% for SP N . There was significant difference (P < 0.05) between total carbohydrate content of SCP N and each of SCP W and SCP CA . Thetsrimuang et al. (2011) reported that highest yield of crude polysaccharides is related with the lowest content of total carbohydrate which concur with the values obtained in this study.
Protein content in all extracts of PKC crude polysaccharides are low (< 1). However, there are significant differences (P < 0.05) between the protein content of the each three extracts of SP with each other. The highest protein content was 0.72% in SP W followed by 0.58% in SCP N and 0.40% in SCP CA . Azmi et al.(2012) reported that low percentage of total protein content in the polysaccharides indicated proteins have been denatured in the soluble polysaccharides during extraction by heating at 60 °C. However, the effect of extraction duration, number of extraction step, ratio of sample to extractant and centrifugal speed on protein yield should be considered (Kain et al. 2009 ). The soluble polysaccharides from PKC in this study were found to be highly soluble (> 95%). However, highest solubility rate was observed in SCP CA and there is no significant difference (P > 0.05) between the solubility rate of SCP W and SCP N . The solubility rate of the polysaccharides extracted from plant sources is greatly influenced by the galactose ratio, since galactose chains helps in extending the macromolecule of the mannan and allow water into the space which limit the insolubility nature of polysaccharides (Aspinal 1970; McCleary 1988; Kusakabe et al. 1990 ). Polysaccharides contain many hydroxyl groups, easily form hydrogen bonds and easily soluble in water (Yanhua et al. 2014) . It was reported that inter-and intra-molecular hydrogen bond could affect to the solubility rates of polysaccharide in water (Huang and Zhang 2009 ). Table 4 shows the monosaccharide composition of PKC soluble crude polysaccharides (PKCSCP) which comprised of six monosaccharides -mannose, galactose, glucose, arabinose, rhamnose and xylose-with different concentration fractions. The monosaccharide's composition clearly shows that mannose is the predominant sugar in the SCP.
Monosaccharide composition of PKC crude soluble polysaccharides
It was reported that polysaccharides with high content of mannose (52-81.9%) and galactose (14.5-39.2%) is a galactomannan in nature (Cerqueira et al. 2011 ). The mannose (62.49) and glucose (25.42) content of SCP CA in this study is in agreement with the galactomannan form Gleditsia triacanthos and Adenanthera pavoria reported by Cerqueira et al. (2011) . Jahromi et al. (2016) reported that the major monosaccharides of PKC are mannose. Furthermore, the study of Mohd-Jaffar and Jarvis (1992) revealed that the carbohydrate in the cell wall components of PKC contained mannan, cellulose and xylan. It was reported that PKC also contains glucose and galactose and xylose with different concentration which is dependent on many factors. Previous study showed that the yield and composition of soluble polysaccharides are strongly dependent on the extraction conditions such as temperature and time (Graham et al. 1988 ). For several polysaccharides there is generally no sharp distinction between soluble (or extractable) and insoluble fractions. The ratio between the two is dependent on conditions used (e.g., physical treatment, enzymatic treatment, temperature and time) in the solubilisation procedure.
Previous studies on PKC polysaccharides have been reported to contain a high percentage of mannose (35 to 56%) but low percentage of galactose (ranging between 12 to 20%) which has been claimed to be galactomannan (Dusterhoft et al. 1991; Knudsen 1997) . Galactomannans are polysaccharides which comprises of 1-4-linked β-D-mannosyl residue with an α-D-galactose side chain (Santos et al. 2015) which are incorporated into numerous products in the food and pharmaceutical industries.
Determination of functional groups and glycosidic linkages of PKC crude soluble polysaccharides
To elucidate the structure of crude polysaccharides in the PKC, FTIR analysis was performed and the results are as shown in Fig. 2 . Generally in FTIR spectra, broad peaks in the range of 950-1200 cm −1 indicate the presence of polysaccharides as a major component in a given extract (Xu et al. 2009 ). The wave length values within this range allows the identification of major chemical groups in polysaccharides which revealed the position and intensity of the bands that were specific for each polysaccharide (Synytsya et al. 2009 ).
There were similarities in some of the absorption pattern of the three different polysaccharides of different solvent extract. Strong absorption was observed at 3279.62, 3272.35 and 3331.21 cm −1 corresponding to the hydroxyl vibration modes of O-H stretching band which showed the existence of intra-or and inter-molecular interactions between the polysaccharide chains as reported by Jia et al. (2015) . The band in the region of 2918.08 cm −1 in SCP W was attributed to C-H stretching vibration which was regarded as characteristic absorption of polysaccharides. Absorption at 1635.08, 1631 and 1639.09 cm −1 spectrums in all samples under studied was due to the stretching vibration of carbonyl group. The weak band near 1588.86 cm −1 in SP W indicated the bending vibration of N-H group of amide II assigned for the presence of protein. Amide II band which is due to bending vibrations of N-H groups and is used for estimation of protein content which is weak in PKC crude polysaccharides. is attributed to COO-symmetric stretch of carboxyl group as reported by Gannasin et al. (2015) . The bands at 1072, 1128 and 1110 cm −1 were due to the mannopyranose ring which showed the presence of mannose (Capek et al. 2000) . The weak band at 932, 873 and 883 cm −1 in all samples corresponded to the β-glycosidc linkages as described by Chen et al. (2008) and Synytsya et al. (2009) . The absorption bands near 1385, 1047, 1026 and 883 cm −1 showed the presence of β-glycosidc bonds while the bands around 1078 and 843 were assigned to α-glycosidic bonds (Capek et al. 2000) . The bands around 1200-1000 cm −1 is due to C-OH bonds which is an indication of the presence of oligosaccharides such as mannose and galactose (Baseri and Baker 2011) .
Determination of the thermal properties of PKC crude soluble polysaccharides
Structural and functional group differences in polysaccharide influence the thermal behavior and affect the transition temperature (Bothara and Singh 2012) . The thermal properties of a given extracted polysaccharides compound provide a clue about the thermal stability of the compound as function of temperature and time which is an important factor for its various applications in foods and pharmaceutical industries (Iqbal et al. 2011) . Thermal characteristic of given polysaccharide depends on the mannose to galactose ratio of polysaccharides since high mannose or low galactose contents could increase enthalpy values (Cerqueira et al. 2011; Jia et al. 2015) .
Differential scanning calorimetry (DSC) was used to measure the occurrence of exothermal or endothermal changes in soluble crude polysaccharides of PKC with an increase in temperature (Table 5) . Polysaccharides of PKC obtained from different extraction methods show different onset temperature or initial endothermic phase. The initial endothermic phase was related to the presence of impurities in the sample and the vaporization of water (indicating the presence of hydrophilic groups), which occurs over a range of temperature. Similarly, endothermic peaks with differences in the enthalpy changes observed for these three extracts of PKC. The endothermic peak recorded for soluble polysaccharide extracted from PKC for SCP W, SCP CA and SCP N were 122, 121 and 125 °C with enthalpy values at 81, 90 and 147 J/g, respectively. The endothermic peak could be attributed to the disruption of hydrogen bonded network of water and polymer chains in polysaccharides as reported by Bothara and Singh, (2012) . SCP N has the highest enthalpy values (147.44J/g). The high enthalpy value could be associated with the samples crystalline nature, high mannose contents and low galactose contents as reported by Cerqueri et al. (2011) .
Determination of prebiotic potential of PKC crude soluble polysaccharides
Effect of artificial human gastric juice on hydrolysis of SCP W and SCP CA One of the criteria for determining prebiotic potential of a given polysaccharide is its ability to resist digestion by the digestive enzymes in an acidic environment. It is expected that, the potential prebiotic would be able to reach the intestine and undergo fermentation by the colonic probiotics (Gibson et al. 2004) . Foods are usually retained in the stomach for about 2 h at pH 2-4, within the gastric juice environment before reaching the intestine (Wichienchot et al. 2010 ). The degree of hydrolysis (non-digestibility) of PCK crude polysaccharides as a function of time were carried out after incubation with artificial human gastric juice and the results are as shown in Fig. 3 . The degree of hydrolysis was found to decrease with increased pH (from1 to 5) of the artificial human gastric juice. The reason for this was probably due to the glycosidic bond being more easily ruptured at low pH which resulted in partial hydrolysis of the polysaccharides. For instance, after 4-6 h of incubation at pH 1, the percentage of hydrolysis for FOS, SCP W and SCP CA were 2.07, 3.46 and 1.59%, respectively. Among these three tested samples, SCP CA has the highest resistance (98%) to gastric juice. Different factors such as monosaccharide compositions, rings and linkages might affect the degree of hydrolysis of polysaccharides when subjected to human gastric juice as reported by Wang et al. (2015) . SCP CA has higher amount of mannan-oligosaccharides (MOS) which made it more resistant to enzyme digestion compared to the other two SCP.
Incubation time also affected the degree of hydrolysis as a longer incubation duration was conducive for more polysaccharides to be degraded to mono-and di-saccharides in acidic conditions . Hydrolysis of the polysaccharides increased with increase in incubation time from 1 to 4 h, and remained constants from 4 to 6 h. This shows that after 4 h of incubation, carbohydrate digestion by the digestive enzymes had ceased.
The high degree of hydrolysis at pH 1 and 2 with increase in incubation time in all tested sample could be due to the glycosidic bonding being broken down more easily to mono-and di-saccharides at lower pH as reported by Wang et al. (2015) . This could be attributed to the structural linkages of SCP being composed of β-(1-4)-D-mannopyranose with (1-6)-α-D-galactosepyranose side chain as confirmed by the FTIR.
Effect of α-amylase on hydrolysis of SCP W and SCP CA
Degree of hydrolysis of SCP W and SCP CA determined as function of time after incubation with α-amylase at pH 5, 6, 7 and 8 for 1, 2, 4, and 6 h at 37 °C as seen in Fig. 4 . The degree of hydrolysis increased with increase in pH from 5 to 8, indicating that the hydrolysis of SCP W and SCP CA were affected by pH. At pH 5, 6, 7 and 8 after 4 h of incubation, the degree of hydrolysis for SCP W were 1.89, 2.09, 2.46 and 2.78% and that of SCP CA were 1.68, 2.05, 2.26 and 2.68%, respectively. FOS has the highest degree (5.28%) of hydrolysis as compared to SCP W and SCP CA after 4 h of Food ingredient can be considered a prebiotic, it must not be hydrolyzed in the upper part of the gastrointestinal tract (Du et al. 2011) . The degree of hydrolysis increased with increase in incubation time from 1 to 4 h and remained stable or nearly stable at 4 to 6 h. The higher resistance of SCP W , SCP CA to α-amylase compared to FOS could be due to their structural features which being linked together by β-glycosidic linkages similar to that of the well-known prebiotics FOS which is linked by β-1,2-glycosidic linkages and are non-digestible by mammalian enzymes (Mussatto and Manchilha 2007) .
Proliferation and acidifying activity of probiotics on SCP W and SCP CA in vitro
Results on the proliferation of probiotics on SCP W and SCP CA are presented in Table 6 . The two tested LAB strainsLb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 could utilize the tested polysaccharides as the proliferation of these two microorganisms in all conditions studied were higher compared to that of control. The proliferation of the two tested LAB strains increased with increased concentrations of SCP from 0 to 0.5%. The proliferation of the probiotics could be due to the solubility rate of the polysaccharides since good water soluble carbohydrates could be utilized readily, rapidly and completely by probiotics (Montagne et al. 2003) . Moreover it has been reported that the monomeric compositions, polymerization degree and type of glycosidic linkages could affect the growth of probiotics (Hernandez-Hernandez et al. 2012 ). Molecular weight of polysaccharides is another important factor that determines the susceptibility of polysaccharides by probiotics as lowmolecular weight polysaccharides and oligosaccharides were reported to be more readily absorbed by probiotics (Wichienchot et al. 2010; Wang et al. 2015) .
Proliferation of Lb. plantarum ATCC 8014 on SCP W and SCP CA enhanced by increased bacterial population from 1.01 to 3.12 and 3.29 CFU/mL from 0 to 0.7% concentration. There was no significant differences (P > 0.05) between the proliferation effect of SCP W and SCP CA on Lb. plantarum ATCC 8014 at 0.5 and 0.7% concentration. There was no significant difference (P > 0.05) between the bacteria count of Lb. rhamnosus in media supplemented with FOS (2.50 CFU/mL) and SCP W (2.48 CFU/mL) after 48 h of incubation. Growth in the media supplemented with SCP CA was highest among all tested prebiotics for both Lb. Figure 5 showed the acidifying activity of Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 cultured in carbohydrate-free media each supplemented with SCP W , SCP CA and FOS. Results showed that the pH of the media decreased to pH in the region 3 which confirmed the increased acidifying activity and growth of probiotic strains. However, there is no marked differences between the pH of the media at 0.5 and 0.7% concentration. The highest acidifying activity for both Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103 were obtained with SCP CA at all three concentrations.
Results of this study indicated that type and concentration of prebiotics are important for the supporting effect of the prebiotics on the growth performance and acidifying activity of the probiotic bacterial strains. Results of this study on the supportive effect of prebiotics on the growth performance of probiotic bacterial strains are in agreement with the results of other studies (Saminathan et al. 2011; Goderska et al. 2008; Pennacchia et al. 2006) . In general, as the concentration of prebiotics increases, positive effect of the prebiotics on the acidifying activity of the probiotic strains increases. Relatively higher acidifying activities were observed as the number of viable cell of the probiotic strains increased. However, results of various studies showed that ability of the probiotic bacteria to utilize prebiotics could be strain and/ or substrate specific (Mumcu and Temiz 2014; Saarela et al. 2003; Najwa et al. 2016) . The reduction of pH during fermentation period is associated with the effect of the bacterial proliferation which implied that the bacteria were able to utilize the polysaccharides as their main carbon source and produce acid. These results further confirm that the tested soluble polysaccharides were metabolized by the tested probiotic bacteria to produce some short-chain fatty acids which led to the drop of pH in the media. Results from this study indicated that appropriate prebiotics should be selected for each probiotic strain for increased acidifying activities. It was reported that prebiotic effect of polysaccharides may be due to the structural features such as molecular weight, monosaccharide composition and chain conformation. However, the exact mechanism underlying the prebiotic effect exerted by polysaccharides is still not fully understood .
Conclusion
Results from this study revealed that soluble crude polysaccharides from PKC consist of β-glycosidic bands which made it non-digestible and resistant to artificial human gastric juice and α-amylase. Additionally, it stimulated the proliferation of the tested probiotics and increased their acidifying activity in vitro. Thus, the ability of PKC soluble crude polysaccharides to be metabolized by the two probiotics-Lb. plantarum ATCC 8014 and Lb. rhamnosus ATCC 53103-support its potential prebiotic activity. However, the ability of probiotics to utilize certain carbohydrates in vitro provide some indication of this ability by the probiotic strain under given conditions. An appropriate prebiotic substance should be selected for each probiotic bacterial strain for its viability and good growth and acidifying performance before the production of functional foods containing a combination of prebiotics and probiotics. In spite of all the above findings, the potential of soluble non-digestible polysaccharide extracted from PKC as a prebiotic is heavily dependent on in vivo studies.
